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ABSTRACT
Two hundred seventy-seven position angle and separation measures of 154 double stars are presented.
Three of the systems were previously unknown to be double, and 16 other systems were discovered
earlier this decade by the Hipparcos satellite. Measures are derived from speckle observations taken with
the Wisconsin-Indiana-Yale-NOAO (WIYN) 3.5 m telescope located at Kitt Peak, Arizona. Speckle
images were obtained using two di†erent imaging detectors, namely, a multianode microchannel array
(MAMA) detector and a fast-readout CCD. A measurement precision study was performed on a sample
of binaries with extremely well known orbits by comparing the measures obtained here to the ephemeris
predictions. For the CCD, the root mean square (rms) deviation of residuals was found to be 3.5 milli-
arcseconds (mas) in separation and in position angle, while the residuals of the MAMA data varied1¡.2
depending on the magniÐcation used and seeing conditions but can be comparable or superior to the
CCD values. In addition, the two cameras were compared in terms of the detection limit in total magni-
tude and magnitude di†erence of the systems under study. The MAMA system has the ability to detect
some systems with magnitude di†erences larger than 3.5, although reliable astrometry could not be
obtained on these objects. Reliable astrometry was obtained on a system of magnitude di†erence of 5.3
with the CCD system.
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1. INTRODUCTION
Mignard et al. (1995) have discussed that, in addition to
measuring the trigonometric parallaxes of approximately
118,000 stars, the Hipparcos satellite has discovered some
6000 new or newly suspected double star systems. A frac-
tion of these systems are no doubt true (i.e., gravitationally
bound) binaries that could provide valuable information
concerning stellar masses and the main-sequence mass-
luminosity relation, if their orbits were known in sufficient
detail. A distinct advantage of this set of stars in determin-
ing masses and luminosities is that their parallaxes and, in
many cases, the magnitude di†erences have already been
measured by the Hipparcos satellite. However, with the
exception of the relative astrometry appearing in the Hip-
parcos Catalogue (ESA 1997), no substantial orbital data
exist for any of these objects at present.
Many of these newly discovered systems have separations
and magnitude di†erences that are easily observable by way
of speckle interferometry. We have therefore initiated a new
program of speckle observations of this set of stars at the
WIYN Observatory, Ðrst to identify which systems exhibit
orbital motion and second to determine the orbits of the
true binaries en route to deriving their masses. The com-
ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
1 The WIYN Observatory is a joint facility of the University of Wiscon-
sin, Indiana University, Yale University, and the National Optical
Astronomy Observatories (NOAO).
2 Visiting Astronomer, Kitt Peak National Observatory.
bination of relative astrometry derived from speckle obser-
vations and parallax can only provide total masses of the
systems under study, but concurrent spectroscopic obser-
vations can be started in cases where orbital motion is
detected. In this way, individual masses can eventually be
obtained. In this paper, we focus on initial speckle obser-
vations, calibration issues, and measurement precision, and
therefore many of the objects for which relative astrometry
is presented are not Hipparcos discoveries but rather well-
known binaries. However, as the observational program
continues and the astrometric calibrations become routine,
we plan to shift the emphasis to the Hipparcos discovery
objects.
2. OBSERVATIONS
We have the use of two imaging detectors for speckle
work at WIYN. The Ðrst is a multianode microchannel
array (MAMA) detector. The MAMA system used here
(based on the original design of Morgan 1989 and including
some of the original components) was most recently used at
El Leoncito, Argentina (Horch et al. 1996). As described in
that work, a typical data Ðle with the MAMA system con-
sists of between 1 and 2 million photon events, depending
on the brightness of the source. For all observations
described here, the so-called ““ high-resolution ÏÏ mode (Kasle
& Morgan 1991) of decoding MAMA photon event posi-
tions was used. In this mode, the camera has 7 micron
square pixels, although the spatial resolution is limited by
the microchannel plate pore spacing of 10 microns. Since
the MAMA is a photon-counting camera, the arrival time
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of each photon event is recorded, and therefore the data are
divided into frames in the analysis phase. Typical frame
exposure times for the data reduced here ranged from 5 to
15 ms.
The second detector is a fast readout CCD. The CCD
used here is a 2033] 2048 pixel KAF 4200 chip with 9
micron square pixels. This is a front-illuminated device with
a quantum efficiency of 40% at 7000 and it has cameraA ,
electronics capable of reading out pixels at a rate of 500
kHz. Speckle data are obtained with the chip using the
shutterless charge transfer method described in Horch,
Ninkov, & Slawson (1997). However, in that paper, the
authors used a 60 cm telescope and read out strips of
dimensions 64] 1024 pixels, with each strip containing 32
individual speckle frames. At the WIYN Observatory,
because the telescope is much larger and consequently the
di†raction limit is much smaller, a larger subframe format is
required to simultaneously contain the seeing disk and
oversample the di†raction limit of the telescope. For WIYN
observing, strip formats of 128 ] 1024 pixels (with 8 speckle
frames per strip) and 128 ] 1120 pixels (with 10 speckle
frames per strip) have been used. With the current readout
electronics, an e†ective frame readout rate of approximately
4.5 Hz has been obtained, meaning that a typical obser-
vation with the CCD (which is 960 frames) requires 3.5
minutes of observing time. For all of the data presented
here, a frame integration time of 50 ms was used.
Both systems were mounted at the Nasmyth focus known
as the WIYN port. This focus delivers an f/6.3 beam, which
is then increased to f/16 (referred to as low magniÐcation) or
f/44 (referred to as 2.5] magniÐcation) by the speckle
optics, depending on the amount of magniÐcation desired.
A focal ratio of f/44 is preferred for MAMA observations,
but poor seeing sometimes required a reduction in the mag-
niÐcation to f/16 in order to comfortably contain the entire
seeing disk on the Ðeld of view. Low magniÐcation is always
used with the CCD. The WIYN port is equipped with an
image rotator that operates during observations, so that the
orientation of the camera relative to the celestial coordinate
system is kept constant in all frames of a given observation.
The rotator angle accuracy has been found by Kitt Peak
personnel to be dependent on the telescope pointing direc-
tion, but in general is no worse than for short obser-0¡.04
vations such as those discussed here (D. Sawyer 1998,
private communication).
The standard mode of observing with both systems is to
acquire a data Ðle of a binary and then to follow imme-
diately with a Ðle of an unresolved (e†ectively single) star in
the same region of the sky, in order to provide an estimate
of the speckle transfer function for the binary observation.
Single star objects are chosen from T he Bright Star Catalog
(Hoffleit & Jaschek 1982). This technique is not followed by
other established speckle groups such as the Center for
High Angular Resolution Astronomy (CHARA) group at
Georgia State University and the United States Naval
Observatory (USNO) speckle group ; however, we have
found this approach useful in maintaining high astrometric
precision for our measures. Taking single star observations
decreases the number of binary observations that can be
made per night, and as we develop a more complete picture
of the detailed nature of the speckle transfer function under
a variety of observing conditions at WIYN, it is likely that
we will not Ðnd it necessary to continue with observing
point sources with every binary.
3. DATA REDUCTION
3.1. Measurement of the Pixel Scale
For the three modes of observing discussed here (MAMA
low magniÐcation, MAMA 2.5], and CCD low
magniÐcation), the fundamental scale calibration was
obtained by attaching a slit mask to the tertiary mirror
baffle support structure, which is located approximately 84
cm above the tertiary mirror of the telescope. The mask is
therefore placed in the converging beam between the sec-
ondary mirror and the image plane at the Nasmyth focus.
When the telescope is pointed at a single star, a di†raction
pattern is produced on the detector such that the spacing of
fringes uniquely determines the scale in arcseconds per
pixel, once the slit spacing, the distance from the Nasmyth
focus to the mask and the f/number of the converging beam
are known. While at the telescope, the distance along the
optical axis from the mask to the center of the tertiary
mirror was measured to be 840.2 ^ 3.2 mm. The slit base-
lines were also measured, ranging from the shortest of
54.9^ 0.2 mm to the longest of 439.9 ^ 0.2 mm. The dis-
tance from the center of the tertiary to the Nasmyth focus
and the f/number had already been precisely measured by
Kitt Peak personnel for other reasons (with results of
3177.3^ 2.2 mm and 6.28^ 0.01, respectively), and these
values were adopted for our scale calculations.
In the case of MAMA data, the position angle o†set, i.e.,
the orientation of the detector pixels relative to true north,
was measured by trailing stars across the detector. The path
of the star, as judged by binning the photon events into 10
ms frames and computing the path of frame centroids, then
gives the east-west vector relative to detector coordinates.
The pixel scale can also be derived from star trails by com-
paring the starÏs diurnal rate with the velocity across the
detector in pixels per second, but this method is of lower
precision than the slit mask method and can contain sys-
tematic errors (Horch et al. 1996).
For CCD observations, the position angle o†set was
determined by taking a series of short exposure (1 s) images
of stars, where the telescope was o†set in right ascension
and declination by a known amount (10A, 15A, or 20A)
between exposures. Computing the centroid position of
each image and comparing these coordinates can then yield
the detector orientation. This method was found to be faster
and more practical than the star trail method when using
the integrating detector.
The methods just described are fairly standard and
straightforward in speckle interferometry (e.g., Hartkopf,
McAlister, & Franz 1992 ; Douglass, Hindsley, & Worley
1997). However, there is a complication in applying them to
our scale calibration data due to the fact that both the
low-magniÐcation and 2.5] lenses exhibit optical Ðeld
angle distortion. This means that the e†ective magniÐcation
is a function of position on the image plane. If the Ðeld of
view is small enough, this may be ignored. However, with
the low-magniÐcation MAMA and CCD data presented
here, the detector Ðeld of view is large enough that distor-
tion is clearly seen and can be easily measured. Further-
more, it is difficult to place the star in the same location on
the detector for every observation in these observing con-
Ðgurations. It is therefore necessary to apply a correction to
the relative astrometry obtained based on some measure of
the distortion and the exact location of the star on the
detector.
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FIG. 1a FIG. 1b
FIG. 1.ÈRelative magniÐcation as a function of distance from the optical axis for (a) the low-magniÐcation lens and (b) the 2.5] lens. Filled circles are
measures made from reticle images and the solid curve is a least squares Ðt to the data of the form given in eq. (1). The low magniÐcation lens exhibits
substantial barrel distortion (i.e., the magniÐcation decreases with distance from the optical axis), while the 2.5] lens shows mild pincushion distortion (the
magniÐcation increases with distance from the optical axis).
For both the low-magniÐcation and 2.5] lenses, the dis-
tortion was measured by placing a glass plate containing a
Ðne grid of lines (a reticle) at an intermediate focus position
in the speckle optics box (in front of the magnifying optics)
and then taking a dome Ñat. The image obtained then dis-
plays the (distorted) image of the grid as recorded by the
detector through the magniÐer. The distance between lines
was then measured as a function of position, giving the
relative scale (or equivalently, the relative magniÐcation).
Figure 1 shows the results of this procedure. Although the
distortion in the low-magniÐcation lens is much more
severe, both lenses were found to be well-approximated by a
function of the form
S(r)\ 1 ] Cr2 , (1)
where S(r) is the relative scale, r is the distance from the
optical axis in the detector plane, C is a constant, and the
relative scale is assumed to be normalized to 1 at the optical
axis. (Least squares Ðts to the data are also shown in Fig. 1.)
The standard (cubic) correction to the position of an object
at detector position (x, y) is then given by integrating the




(x[x0)[(x[x0)2] (y[y0)2] ; (2)
and
Y \ (y [ y0)]
C
3
(y [ y0)[(x [ x0)2] (y [ y0)2] , (3)
where (X, Y ) is the corrected position and is the(x0, y0)position of the optical axis on the detector. (See, e.g., Eich-
horn 1974, p. 75, and Klein & Furtak 1986, p. 241, for a
more complete discussion of the cubic correction and dis-
tortion.) Corrections of this form were used to (a) obtain the
scale at the optical axis for the slit mask data, (b) rectify the
paths of star trails and determine the true position angle
o†sets from star trail and telescope o†set data, and (c)
correct positions of both the primary and secondary of all
binary systems for which we present relative astrometry.
Table 1 shows the scale and position angle o†sets obtained
after correction by equations (1)È(3) as appropriate.
3.2. Derivation of Relative Astrometry from the Raw Data
The algorithms used for derivation of position angles and
separations from the raw speckle data have been previously
described (Horch et al. 1996 for MAMA data and Horch et
al. 1997 for CCD data). In both cases, a weighted least
squares Ðt is made to the spatial frequency power spectrum
obtained by computing the average autocorrelation of
speckle frames and Fourier transforming the result. The
quadrant ambiguity inherent in this analysis is resolved dif-
ferently for the data sets from the two detectors. In the case
of MAMA data, the directed vector autocorrelation
(Bagnuolo et al. 1990, 1992) is computed, while in the case
of the CCD data, a rudimentary reconstructed image is
formed from two low-order subplanes of the object bispec-
trum (Lohmann, Weigelt, & Wirnitzer 1983).
After obtaining instrumental position angles and separa-
tions in this way, the positions of the primary and second-
ary are corrected as discussed above. The raw data give
only the centroid position of the aggregate system in detec-
tor coordinates ; to obtain the coordinates for the primary
and secondary prior to applying equations (2) and (3), a
magnitude di†erence estimate that is also output by the
TABLE 1
PIXEL SCALE AND POSITION ANGLE OFFSET VALUES USED IN THIS PAPER
Pixel Scalea Position Angle O†set
Detector MagniÐcation (mas pixel~1) (deg)
CCD . . . . . . . . . Low 32.01^ 0.11 [0.42^ 0.44
MAMA . . . . . . Low 26.42^ 0.13 [1.27^ 0.17
MAMA . . . . . . 2.5] 9.28^ 0.03 [1.27^ 0.17
a At the optical axis.
TABLE 2
DOUBLE STAR SPECKLE MEASURES, CCD
Date h o j *j
HR, ADS, or BD Discoverer Designation HD HIP WDS a, d (2000) (1900]) (deg) (arcsec) (nm) (nm)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
ADS 61 . . . . . . . . . . . . . StF 3062 123 518 00063]5826 97.6137 323.9 1.467 701 12
97.8294 324.1 1.467 648 41
ADS 148 . . . . . . . . . . . . Bu 1026 Aa-B 761 981 00121]5337 97.6137 295.2 0.264 701 12
97.8294 295.3 0.262 648 41
ADS 490 . . . . . . . . . . . . Ho 212 AB 3196 2762 00352[0336 97.8294 264.8 0.289 648 41
ADS 520 . . . . . . . . . . . . Bu 395 3443 2941 00373[2446 97.8294 270.9 0.250 648 41
ADS 755 . . . . . . . . . . . . StF 73 AB 5286 4288 00550]2338 97.5179 304.3 0.843 701 12
97.6138 305.0 0.847 701 12
97.8295 304.5 0.849 551 10
97.8295 304.6 0.843 701 12
ADS 784 . . . . . . . . . . . . Bu 1099 AB 5408 4440 00568]6022 97.6165 345.5 0.286 701 12
ADS 940 . . . . . . . . . . . . Stt 515 6811 5434 01095]4715 97.6166 128.4 0.504 701 12
BD ]67 98 . . . . . . . . HDS 155 6840 5531 01108]6747 97.6300 162.8 0.122 648 41
BD ]50 238 . . . . . . . HDS 160 7169 5674 01129]5136 97.6301 37.2 0.220 648 41
ADS 1123 . . . . . . . . . . Bu 1163 8556 6564 01243[0655 97.6300 214.3 0.372 648 41
97.8296 213.6 0.368 648 41
ADS 1158 . . . . . . . . . . Bu 1164 AB 8875 6815 01277]0521 97.6301 146.7 0.240 648 41
ADS 1183 . . . . . . . . . . A 1910 AB 9071 6966 01297]2250 97.8296 218.2 0.116 648 41
HR 466 . . . . . . . . . . . . . Kui 7 10009 7580 01376[0924 97.8296 151.2 0.298 648 41
ADS 2200 . . . . . . . . . . Bu 524 AB 17904 13490 02537]3820 97.8296 23.7 0.104 648 41
ADS 2257 . . . . . . . . . . StF 333 AB 18519[0 13914 02592]2120 97.8297 208.7 1.402 551 10
97.8297 208.7 1.400 701 12
HR 1015 . . . . . . . . . . . . HDS 423 20893 15737 03228]2045 97.8297 291.1 0.478 701 12
97.8297 291.4 0.470 551 10
BD [08 751 . . . . . . . HDS 492 24634 18293 03547[0755 97.8298 172.2 0.831 648 41
BD [10 839 . . . . . . . HDS 521 26040 19206 04070[1000 97.8298 224.5 0.116 648 41b
ADS 3064 . . . . . . . . . . A 1938 26690 19719 04136]0743 97.8297 115.0 0.056 701 12a
ADS 3135 . . . . . . . . . . Stt 79 27383 20215 04199]1631 97.8298 297.7 0.337 648 41
ADS 3182 . . . . . . . . . . Hu 304 27820 20522 04239]0928 97.8297 341.9 0.133 701 12
HR 1391 . . . . . . . . . . . . Fin 342 Aa 27991 20661 04256]1556 97.8298 127.1 0.095 648 41a
BD ]57 798 . . . . . . . HDS 571 27816 20754 04268]5814 97.8299 38.7 0.167 648 41
ADS 3248 . . . . . . . . . . Hu 1080 28363 20916 04290]1610 97.8298 241.8 0.078 648 41
ADS 3358 . . . . . . . . . . Bu 1295 AB 29316 21730 04400]5328 97.8299 166.1 0.270 648 41
ADS 3358 . . . . . . . . . . StF 566 AB-C 29316 21730 04400]5328 97.8299 197.1 0.770 648 41
ADS 3389 . . . . . . . . . . A 1014 29599 21941 04430]5712 97.8299 351.1 0.337 648 41
ADS 3483 . . . . . . . . . . Bu 552 AB 30869 22607 04518]1339 97.8300 217.5 0.484 701 12
97.8300 216.8 0.489 551 10
ADS 4617 . . . . . . . . . . A 2715 AB 40932 28614 06024]0939 97.8301 196.5 0.262 701 12c
97.8301 196.6 0.261 551 10c
ADS 4890 . . . . . . . . . . Fin 331 Aa 43525 29850 06171]0957 97.8301 262.1 0.078 551 10a
97.8301 262.0 0.078 701 12a
ADS 5400 . . . . . . . . . . StF 948 AB 48250 32438 06462]5927 97.8300 74.4 1.819 701 12
97.8300 74.5 1.818 551 10
97.8300 74.5 1.818 648 41
ADS 6185 . . . . . . . . . . Stt 175 AB 60318 36896 07351]3058 97.8301 145.5 0.144 701 12
ADS 6354 . . . . . . . . . . Hu 1247 62522 38052 07480]6018 97.8302 337.9 0.168 648 41
HR 3072 . . . . . . . . . . . . Fin 325 64235 38474 07528[0526 97.8303 304.4 0.119 648 41b
ADS 6483 . . . . . . . . . . Stt 185 65123 38870 07573]0108 97.8303 170.7 0.168 648 41c
ADS 6828 . . . . . . . . . . A 551 AB 71663 41564 08285[0231 97.8302 59.8 0.163 648 41
BD [08 2434 . . . . . . HDS 1242 73399 42345 08380[0844 97.8302 289.0 0.313 648 41
ADS 8804 . . . . . . . . . . StF 1728 AB 114378[9 64241 13100]1732 97.2247 13.0 0.262 701 12d
ADS 8974 . . . . . . . . . . StF 1768 AB 118623 66458 13375]3618 97.2244 100.4 1.730 701 12
ADS 9425 . . . . . . . . . . Stt 288 131473 72846 14534]1542 97.2250 167.0 1.216 701 12
ADS 9757 . . . . . . . . . . StF 1967 140436 76952 15427]2618 97.2245 116.3 0.683 701 12
97.5172 116.5 0.704 701 12
HR 5953 . . . . . . . . . . . . LAB 3 143275 78401 16003[2237 97.5173 1.3 0.165 701 12
ADS 9909 . . . . . . . . . . StF 1998 AB 144069[0 78727 16044[1122 97.2251 193.0 0.166 701 12
97.5174 211.6 0.176 701 12
97.6130 217.5 0.177 701 12b
HR 6084 . . . . . . . . . . . . BLM 5 147165 80112 16212[2536 97.2252 69.3 0.443 701 12c
97.5174 69.5 0.456 701 12c
97.5174 62.9 0.465 551 10c
97.6157 68.8 0.447 701 12c
ADS 10075 . . . . . . . . . StF 2052 AB 148653 80725 16289]1825 97.6157 125.8 1.921 648 41
97.6157 125.6 1.911 701 12
TABLE 2ÈContinued
HR, ADS, or BD Discoverer Designation HD HIP WDS a, d (2000) Date h o j *j
(1) (2) (3) (4) (5) (1900]) (deg) (arcsec) (nm) (nm)
ADS 10087 . . . . . . . . . StF 2055 AB 148857 80883 16309]0159 97.6131 27.5 1.389 701 12
ADS 10345 . . . . . . . . . StF 2130 AB 154905[6 83608 17053]5428 97.6130 22.9 2.183 701 12
ADS 10598 . . . . . . . . . StF 2173 158614 85667 17304[0104 97.6132 324.6 0.756 701 12
97.6132 324.7 0.761 648 41
ADS 11483 . . . . . . . . . Stt 358 AB 171746 91159 18359]1659 97.6132 156.7 1.676 701 12
HR 7072 . . . . . . . . . . . . Kui 88 173928 92301 18488[1836 97.5176 161.0 0.474 701 12
97.6130 160.7 0.450 701 12
97.6131 160.7 0.454 551 10
97.6159 160.6 0.456 701 12
ADS 11871 . . . . . . . . . Bu 648 AB 176051 93017 18570]3254 97.6133 336.5 0.661 701 12*
HR 7499 . . . . . . . . . . . . Kui 94 186307 96907 19420]4015 97.6269 175.5 0.246 648 41
ADS 12973 . . . . . . . . . AGC 11 AB 187362 97496 19490]1909 97.5176 150.5 0.193 701 12
ADS 14073 . . . . . . . . . Bu 151 AB 196524 101769 20375]1436 97.5177 327.2 0.387 701 12
97.5177 327.3 0.385 701 12
97.6134 328.1 0.387 701 12
97.6134 328.1 0.388 551 10
97.6159 328.2 0.391 701 12
ADS 14121 . . . . . . . . . Wck 2 Aa 196867 101958 20396]1555 97.5178 147.8 0.162 701 12
97.6135 148.2 0.159 701 12
97.6135 148.6 0.164 551 10
97.6160 146.9 0.169 701 12
97.6160 148.8 0.162 551 10
ADS 14499 . . . . . . . . . StF 2737 AB 199766 103569 20591]0418 97.6134 286.2 0.830 701 12
ADS 14773 . . . . . . . . . Stt 535 AB 202275 104858 21145]1000 97.5178 358.7 0.086 701 12
97.6160 353.8 0.066 701 12b
ADS 15176 . . . . . . . . . Bu 1212 AB 206058 106942 21395[0003 97.6135 271.2 0.527 701 12
HR 8344 . . . . . . . . . . . . Cou 14 207652 107788 21501]1717 97.6164 237.4 0.382 701 12
97.8292 238.7 0.381 648 41
BD ]15 4549 . . . . . . HDS 3129 209421 108842 22029]1547 97.8292 118.8 0.102 648 41c
ADS 15758 . . . . . . . . . McA 70 Ab 211073 109754 22139]3943 97.5178 15.1 0.398 701 12
97.6136 14.8 0.400 551 10
ADS 15971 . . . . . . . . . StF 2909 AB 213051[2 110960 22288[0001 97.5179 192.2 1.902 701 12
ADS 16345 . . . . . . . . . Bu 382 AB 216608 113048 22537]4445 97.6137 222.3 0.918 701 12
ADS 16417 . . . . . . . . . Stt 536 AB 217166 113445 22586]0922 97.6299 347.0 0.236 648 41
HR 8762 . . . . . . . . . . . . WRH 37 AB 217675 113726 23019]4220 97.5180 320.8 0.111 701 12a
HR 8762 . . . . . . . . . . . . BLA 12 Aa 217675 113726 23019]4220 97.5180 127.4 0.054 701 12a,*
ADS 16497 . . . . . . . . . A 417 AB 218060 113996 23052[0742 97.6165 147.1 0.188 701 12
HR 8802 . . . . . . . . . . . . HDS 3295 218434 114254 23084[2849 97.6299 323.1 0.236 648 41
ADS 16591 . . . . . . . . . A2298 AB 219018 114576 23126]0241 97.8293 301.3 0.202 648 41c
ADS 16708 . . . . . . . . . Hu 295 220278 115404 23227[1502 97.8292 254.8 0.186 648 41
ADS 16819 . . . . . . . . . Hu 298 221445 116164 23322]0705 97.8293 323.7 0.203 648 41
BD ]48 4109 . . . . . . Cou 2674 222104 116578 23375]4922 97.8293 18.9 0.377 648 41
BD ]45 4301 . . . . . . Mlr 4 222516 116849 23411]4613 97.8293 202.5 0.112 648 41
HR 9041 . . . . . . . . . . . . Fin 359 223825 117761 23529[0309 97.8293 101.3 0.081 648 41b
HR 9067 . . . . . . . . . . . . Bu 730 224533 118209 23587[0333 97.8294 311.2 0.945 648 41
ASTERISK NOTATIONS.È00271Ô0753 = A 431 : (Table 4) This object has a grade 2 orbit in the catalog of Worley & Heintz 1983 but no previous speckle
measures. 00277Ô1625 = BD Ô17 61 : (Table 4) The component listed is unlikely to be HJ 1968 AB and is probably new; the Hipparcos Catalog lists this
object as a suspected double. Noted as YR 1 Aa in this paper. 00284Ô2020 = B1909 : (Table 4) One of the measures listed in Table 4 (probably the Ðrst)
has the quadrant incorrectly determined. 03484+ 5202 = Hu 546 : (Table 4) This object has a grade 2 orbit in the catalog of Worley & Heintz 1983 but no
previous speckle measures. 05081+ 2416 = HDS 674 Aa : (Table 4) The only measure appearing in the CHARA Third Catalog is a failed detection.
Nonetheless, the component listed here was detected by Hipparcos. Wider companions are also noted in the WDS. 06314+ 0749 = A 2817 : (Table 4) This
object has a grade 2 orbit in the catalog of Worley & Heintz 1983 but no previous speckle measures. 18570+ 3254 = Bu 648 AB : (Table 2, Table 3) The
most recent published speckle observation of this system (McAlister et al. 1987b) failed to detect the companion. 19556+ 5226 = HR 7619 : (Table 3) Our
observation shows a clear third component that has apparently never been detected before, even by the Hipparcos satellite. Noted as YR 2 Aa in this
paper. 21314+ 4821 = Cou 2441 : (Table 4) A member of M39 (94% probability according to Platais 1994). IdentiÐed as star 3494 in that work.
21339+ 4833 = BD + 47 3472 : (Table 4) A member of M39 (89% probability according to Platais 1994) and not detected before as double. IdentiÐed as
star 5698 in that work. Noted as YR 3 in this paper. 23019+ 4220 = BLA 12 Aa : (Table 2) The Aa component in this triple system has been intermittently
detected. This is the Ðrst detection since 1984 (the measure of McAlister et al. 1987a).
a Quadrant determined by the analysis was ambiguous but consistent with recent measures in the WDS, the CHARA Third Catalog of Interferometric
Measures of Binary Stars (Hartkopf et al. 1997), or the Hipparcos observation.
b Quadrant determined by the analysis was ambiguous and inconsistent with recent measures in the WDS, CHARA Third Catalog, or the Hipparcos
observation. We have therefore adopted the quadrant consistent with previous measures.
c Quadrant determined by the analysis was inconsistent with previous measures in the WDS, CHARA Third Catalog, or the Hipparcos observation.
We have therefore adopted the quadrant consistent with previous measures.
d Quadrant determined by the analysis was inconsistent with recent measures in the WDS or the CHARA Third Catalog, but the system has magnitude
di†erence of 0.0 according to the WDS. We have therefore adopted the quadrant consistent with previous measures.
SPECKLE OBSERVATIONS OF BINARY STARS. I. 553
TABLE 3
DOUBLE STAR SPECKLE MEASURES, MAMA (LOW MAGNIFICATION)
Date h o j *j
HR, ADS, or BD Discoverer Designation HD HIP WDS a, d (2000) (1900]) (deg) (arcsec) (nm) (nm)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
ADS 940 . . . . . . . . . . . . Stt 515 6811 5434 01095]4715 97.5289 125.4 0.516 451 5
ADS 4617 . . . . . . . . . . A 2715 AB 40932 28614 06024]0939 97.2323 193.3 0.323 501 8b
ADS 6650 . . . . . . . . . . StF 1196 AB 68255[7 40167 08122]1739 97.2325 103.5 0.755 501 8
ADS 7390 . . . . . . . . . . StF 1356 81858 46454 09285]0903 97.2326 77.2 0.526 501 8
ADS 8119 . . . . . . . . . . StF 1523 AB 98230[1 55203 11182]3132 97.2327 292.6 1.577 501 8a
ADS 8804 . . . . . . . . . . StF 1728 AB 114378[9 64241 13100]1732 97.2329 14.1 0.277 501 8d
ADS 9031 . . . . . . . . . . StF 1785 120476 67422 13491]2659 97.2330 170.7 3.356 501 8
ADS 9757 . . . . . . . . . . StF 1967 140436 76952 15427]2618 97.5281 116.1 0.711 451 5
ADS 9909 . . . . . . . . . . StF 1998 AB 144069[0 78727 16044[1122 97.5281 210.8 0.178 451 5b
HR 6084 . . . . . . . . . . . . BLM 5 Aa 147165 80112 16212[2536 97.5282 72.5 0.431 501 8b
ADS 10129 . . . . . . . . . StF 2078 AB 150117[8 81292 16362]5255 97.5282 105.3 3.114 451 5
BD ]37 2949 . . . . . . Cou 1145 162338 87204 17490]3704 97.5202 94.7 0.329 501 8d
ADS 11520 . . . . . . . . . A 88 AB 172088 91394 18384[0312 97.5230 348.7 0.143 501 8
ADS 11635 . . . . . . . . . StF 2383 Cc,D 173607[8 91926 18443]3940 97.5284 84.0 2.347 451 5
97.5284 84.0 2.330 451 5
HR 7072 . . . . . . . . . . . . Kui 88 173928 92301 18488[1836 97.5202 159.8 0.456 501 8
ADS 11871 . . . . . . . . . Bu 648 AB 176051 93017 18570]3254 97.5202 335.9 0.678 501 8*
HR 7499 . . . . . . . . . . . . Kui 94 186307 96907 19420]4015 97.5203 175.9 0.253 501 8
97.5230 175.8 0.240 501 8
HR 7528 . . . . . . . . . . . . StF 2579 AB 186882 97165 19450]4508 97.5231 225.5 2.508 501 8
ADS 12962 . . . . . . . . . StF 2583 AB 187259 97473 19487]1149 97.5204 106.9 1.464 501 8
ADS 12973 . . . . . . . . . AGC 11 AB 187362 97496 19490]1909 97.5203 329.3 0.204 501 8b
ADS 13125 . . . . . . . . . Ho 581 188753 98001 19550]4152 97.5203 78.2 0.355 501 8
97.5231 75.5 0.371 501 8a
ADS 13104 . . . . . . . . . StF 2597 188405 98038 19553[0644 97.5230 104.5 0.392 501 8
HR 7619 . . . . . . . . . . . . StF 2605 AB 189037 98055 19556]5226 97.5203 175.1 2.976 501 8
HR 7619 . . . . . . . . . . . . YR 2 Aa 189037 98055 19556]5226 97.5203 99.4 0.085 501 8*
ADS 13461 . . . . . . . . . Stt 400 191854 99376 20102]4357 97.5203 347.8 0.463 501 8
ADS 14073 . . . . . . . . . Bu 151 AB 196524 101769 20375]1436 97.5204 326.1 0.393 501 8
97.5204 325.1 0.400 501 8
97.5204 328.0 0.395 501 8c
97.5231 326.2 0.397 501 8
ADS 14121 . . . . . . . . . Wck 2 Aa 196867 101958 20396]1556 97.5231 149.5 0.158 501 8
ADS 14412 . . . . . . . . . A 751 199306 103130 20537]5919 97.5204 95.5 0.152 501 8
97.5231 99.9 0.160 501 8
ADS 14499 . . . . . . . . . StF 2737 AB 199766 103569 20591]0418 97.5231 284.9 0.870 501 8b
ADS 14592 . . . . . . . . . StF 2745 Aa,B 200497 . . . 21041[0549 97.5232 195.8 2.345 501 8
97.5232 198.0 2.235 501 8
ADS 14761 . . . . . . . . . Hu 767 202128 104771 21135]1559 97.5206 139.1 0.209 501 8a
97.5231 139.8 0.228 501 8
ADS 14773 . . . . . . . . . Stt 535 AB 202275 104858 21145]1000 97.5204 182.1 0.089 501 8c
97.5232 181.7 0.092 501 8
ADS 14839 . . . . . . . . . Bu 163 AB 202908 105200 21186]1134 97.5205 262.2 0.497 501 8
97.5232 262.3 0.485 501 8
ADS 15176 . . . . . . . . . Bu 1212 AB 206058 106942 21395[0003 97.5205 269.6 0.541 501 8a
HR 8300 . . . . . . . . . . . . Kui 108 206644 107162 21424]4105 97.5232 284.5 0.106 501 8b
ADS 15267 . . . . . . . . . Ho 166 206792 107288 21439]2751 97.5232 40.6 0.252 501 8d
ADS 15270 . . . . . . . . . StF 2822 AB 206826[7 107310 21441]2845 97.5232 305.3 1.951 501 8
ADS 15281 . . . . . . . . . Bu 989 AB 206901 107354 21446]2539 97.5205 123.1 0.246 501 8
97.5233 123.1 0.247 501 8
HR 8344 . . . . . . . . . . . . Cou 14 207652 107788 21501]1717 97.5232 237.5 0.387 501 8
ADS 16173 . . . . . . . . . Ho 296 AB 214850 111974 22409]1433 97.5206 41.2 0.424 501 8
97.5234 43.0 0.421 501 8
ADS 16345 . . . . . . . . . Bu 382 AB 216608 113048 22537]4445 97.5234 221.8 0.934 501 8
ADS 16497 . . . . . . . . . A 417 AB 218060 113996 23052[0742 97.5207 145.8 0.202 501 8d
97.5234 142.9 0.198 501 8d
HR 8872 . . . . . . . . . . . . StF 3001 AB 219916 115088 23186]6807 97.5207 220.3 3.244 501 8
NOTES.ÈSee notes to Table 2.
power spectrum Ðtting routine is used to determine the frac-
tion of light from each star. The individual (uncorrected)
positions are then determined by way of a ““ center of
gravity ÏÏ calculation from the system centroid and the light
fraction. These coordinates are then used as input for equa-
tions (2) and (3).
The reduced data are then subjected to four tests to
insure high-quality astrometry. Power spectrum Ðts with
TABLE 4
DOUBLE STAR SPECKLE MEASURES, MAMA (2.5] MAGNIFICATION)
HR, ADS, or BD Discoverer Designation HD HIP WDS a, d (2000) Date (1900]) h(deg) o(arcsec) j(nm) *j(nm)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
ADS 61 . . . . . . . . . . . . StF 3062 123 518 00063]5826 97.6191 323.1 1.477 501 8
BD ]34 3 . . . . . . . . HDS 17 375 689 00085]3456 97.6191 263.7 0.121 501 8
ADS 148 . . . . . . . . . . Bu 1026 Aa-B 761 981 00121]5337 97.8239 294.5 0.264 501 8c
BD [08 65 . . . . . . . A 431 2333 2143 00271[0753 97.8239 25.7 0.313 501 8d,*
97.8266 26.5 0.304 451 5d,*
BD [17 61 . . . . . . . YR 1 Aa 2394 2190 00277[1625 97.8266 165.1 0.131 451 5*
HR 108 . . . . . . . . . . . . B 1909 2475 2237 00284[2020 97.8240 302.7 0.204 501 8*
97.8266 119.9 0.208 451 5*
ADS 490 . . . . . . . . . . Ho 212 AB 3196 2762 00352[0336 97.8240 83.6 0.304 501 8c
97.8266 263.5 0.288 451 5
ADS 520 . . . . . . . . . . Bu 395 3443 2941 00373[2446 97.8240 270.6 0.257 501 8
97.8266 270.4 0.248 451 5
ADS 784 . . . . . . . . . . Bu 1099 AB 5408 4440 00568]6022 97.8241 346.6 0.292 501 8b
ADS 940 . . . . . . . . . . Stt 515 6811 5434 01095]4715 97.6192 126.8 0.498 501 8
ADS 1105 . . . . . . . . . StF 115 AB 8272 6486 01234]5809 97.8241 178.0 0.141 501 8b
ADS 1123 . . . . . . . . . Bu 1163 8556 6564 01243[0655 97.8241 212.6 0.372 501 8a
ADS 1158 . . . . . . . . . Bu 1164 AB 8875 6815 01277]0521 97.8240 144.5 0.275 501 8
ADS 1183 . . . . . . . . . A 1910 AB 9071 6966 01297]2250 97.6192 222.9 0.118 501 8
97.8267 221.0 0.119 451 5
HR 466 . . . . . . . . . . . . Kui 7 10009 7580 01376[0924 97.8241 153.3 0.291 501 8a
ADS 1473 . . . . . . . . . Ho 311 11284 8622 01512]2439 97.6193 344.5 0.237 501 8
97.8242 344.8 0.238 501 8a
97.8267 344.2 0.233 451 5c
ADS 1598 . . . . . . . . . Bu 513 AB 12111 9480 02020]7054 97.8243 256.0 0.815 501 8
97.8267 255.7 0.833 451 5
ADS 1613 . . . . . . . . . A 1813 AB 12376 9500 02022]3643 97.8242 358.3 0.160 501 8a
ADS 1630 . . . . . . . . . Stt 38 BC 12534 9640 02039]4220 97.8241 104.5 0.501 501 8
97.8241 104.4 0.502 501 8
97.8268 104.3 0.505 451 5
ADS 1709 . . . . . . . . . StF 228 13594 10403 02140]4729 97.6193 280.4 1.035 501 8
97.8268 280.3 1.036 451 5
HR 657 . . . . . . . . . . . . Cou 79 13872 10535 02157]2503 97.8267 351.7 0.107 501 8
BD ]33 429 . . . . . . HDS 318 15013 11352 02262]3428 97.8242 186.8 0.122 501 8b
HR 781 . . . . . . . . . . . . Fin 312 16620 12390 02396[1152 97.8269 136.2 0.124 501 8d
ADS 2028 . . . . . . . . . A 1928 16619 12421 02399]0009 97.8269 41.2 0.169 501 8
ADS 2200 . . . . . . . . . Bu 524 AB 17904 13490 02537]3820 97.8269 24.8 0.113 501 8
ADS 2253 . . . . . . . . . Bu 525 18484 13892 02589]2137 97.6193 265.3 0.532 501 8d
ADS 2257 . . . . . . . . . StF 333 AB 18519[0 13914 02592]2120 97.8243 209.0 1.442 501 8
97.8243 209.0 1.434 501 8
97.8243 209.0 1.440 501 8
BD ]22 425 . . . . . . HDS 389 18940 14230 03035]2304 97.8269 13.3 0.166 501 8
HR 1015 . . . . . . . . . . HDS 423 20893 15737 03228]2045 97.6193 290.4 0.477 501 8
97.8243 291.1 0.481 501 8
97.8269 289.5 0.485 501 8
BD ]51 777 . . . . . . Hu 546 23524 17782 03484]5202 97.8243 77.6 0.390 501 8a,*
ADS 2799 . . . . . . . . . Stt 65 23985 17954 03503]2535 97.8269 22.2 0.118 501 8
ADS 2980 . . . . . . . . . A 1710 25693 19159 04064]4325 97.8244 319.9 0.589 501 8d
ADS 3135 . . . . . . . . . Stt 79 27383 20215 04199]1631 97.8244 296.6 0.338 501 8
ADS 3159 . . . . . . . . . Bu 744 AB 27710 20347 04215[2544 97.8270 6.3 0.334 501 8
ADS 3182 . . . . . . . . . Hu 304 27820 20522 04239]0928 97.8270 342.3 0.132 501 8b
HR 1391 . . . . . . . . . . Fin 342 Aa 27991 20661 04256]1556 97.8244 125.2 0.096 501 8d
97.8271 125.0 0.095 451 5
HR 1411 . . . . . . . . . . McA 15 28307 20885 04286]1558 97.8271 177.4 0.112 451 5
ADS 3248 . . . . . . . . . Hu 1080 28363 20916 04290]1610 97.8271 248.2 0.076 501 8
97.8271 247.2 0.077 451 5
HR 1481 . . . . . . . . . . Kui 18 29503 21594 04382[1418 97.8271 349.6 0.973 451 5
HR 1483 . . . . . . . . . . HDS 599 29573 21644 04389[1207 97.8271 319.9 0.243 451 5
ADS 3358 . . . . . . . . . Bu 1295 AB 29316 21730 04400]5328 97.8271 166.9 0.274 451 5
ADS 3358 . . . . . . . . . StF 566 AB-C 29316 21730 04400]5328 97.8271 197.7 0.781 451 5
ADS 3389 . . . . . . . . . A 1014 29599 21941 04430]5712 97.8271 352.0 0.336 451 5
ADS 3475 . . . . . . . . . Bu 883 AB 30810 22550 04512]1104 97.8272 57.1 0.260 501 8d
ADS 3483 . . . . . . . . . Bu 552 AB 30869 22607 04518]1339 97.8271 217.6 0.495 501 8
ADS 3536 . . . . . . . . . D 5 31278 23040 04573]5345 97.8271 215.5 0.503 451 5
ADS 3608 . . . . . . . . . A 1844 AB 32092 23395 05017]2640 97.8272 143.0 0.198 501 8
HR 1639 . . . . . . . . . . HDS 664 32608 23724 05060]3556 97.8245 348.4 0.293 501 8
BD ]13 803 . . . . . . Hei 105 32851 23789 05067]1405 97.8273 111.3 1.075 451 5
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TABLE 4ÈContinued
HR, ADS, or BD Discoverer Designation HD HIP WDS a, d (2000) Date (1900]) h(deg) o(arcsec) j(nm) *j(nm)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
ADS 3711 . . . . . . . . . . Stt 98 33054 23879 05079]0830 97.8272 326.2 0.735 451 5
HR 1659 . . . . . . . . . . . . HDS 674 Aa 32990 23900 05081]2416 97.8272 207.1 0.396 501 8*
HR 1708 . . . . . . . . . . . . ANJ 1 Aa 34029 24608 05167]4600 97.8245 48.9 0.056 501 8a
ADS 4229 . . . . . . . . . . Bu 1240 AB 37269 26536 05386]3030 97.8245 349.1 0.173 501 8b
ADS 4241 . . . . . . . . . . Bu 1032 AB 37468 26549 05387[0236 97.8245 117.7 0.246 501 8a
97.8245 115.4 0.263 451 5
97.8272 116.6 0.259 451 5
ADS 4299 . . . . . . . . . . A 494 AB 38089 26926 05429[0648 97.8245 288.2 0.126 501 8
97.8272 285.9 0.124 451 5
ADS 4396 . . . . . . . . . . A 2657 38769 27410 05482]0137 97.8246 197.2 0.204 501 8c
97.8272 198.2 0.199 451 5
HR 2014 . . . . . . . . . . . . Hei 670 39007 27549 05500]0952 97.8273 266.4 0.992 451 5
ADS 4617 . . . . . . . . . . A 2715 AB 40932 28614 06024]0939 97.8273 197.3 0.257 451 5c
HR 2186 . . . . . . . . . . . . Rst 3442 42443 29234 06098[2246 97.8246 212.5 0.104 501 8
HR 2236 . . . . . . . . . . . . Rst 5225 43358 29746 06159]0110 97.8246 91.8 0.121 501 8c
ADS 4890 . . . . . . . . . . Fin 331 Aa 43525 29850 06171]0957 97.8273 263.5 0.077 451 5d
ADS 4929 . . . . . . . . . . Bu 895 AB 43885 30091 06200]2826 97.8273 143.3 0.271 501 8
BD ]07 1327 . . . . . . A 2817 46055 31089 06314]0749 97.8247 193.0 0.216 501 8*
HR 2425 . . . . . . . . . . . . McA 27 47152 31737 06384]2859 97.8273 118.7 0.245 501 8
HR 2541 . . . . . . . . . . . . Cou 1877 50037 33064 06532]3826 97.8246 179.5 0.352 501 8
ADS 5871 . . . . . . . . . . StF 1037 AB 55130 34860 07128]2713 97.8275 314.3 1.172 501 8
BD ]16 1433 . . . . . . HDS 1007 56200 35219 07167]1609 97.8274 142.9 0.098 501 8
BD ]26 1508 . . . . . . CHARA 218 56176 35253 07171]2641 97.8274 246.8 0.127 501 8
ADS 6089 . . . . . . . . . . McA 30 Aa 58728 36238 07277]2127 97.8274 352.3 0.072 501 8
97.8274 350.1 0.074 501 8
ADS 6185 . . . . . . . . . . Stt 175 AB 60318 36896 07351]3058 97.8275 325.3 0.143 501 8c
ADS 6420 . . . . . . . . . . Bu 101 64096 38382 07518[1354 97.8248 311.8 0.339 501 8
HR 3072 . . . . . . . . . . . . Fin 325 64235 38474 07528[0526 97.8248 301.7 0.109 501 8a
ADS 6483 . . . . . . . . . . Stt 185 65123 38870 07573]0108 97.8248 173.3 0.167 501 8a
ADS 6554 . . . . . . . . . . Bu 581 AB 66509 39495 08044]1217 97.8274 5.9 0.180 501 8
ADS 6650 . . . . . . . . . . StF 1196 AB 68255 40167 08122]1739 97.8274 99.2 0.776 501 8
ADS 6993 . . . . . . . . . . Sp 1 AB 74874 43109 08468]0625 97.8275 181.8 0.270 501 8
ADS 14761 . . . . . . . . . Hu 767 202128 104771 21135]1559 97.8262 143.7 0.212 451 5d
BD ]47 3446 . . . . . . Cou 2441 205073 106262 21314]4821 97.8238 292.8 0.221 451 5b,*
BD ]47 3472 . . . . . . YR 3 . . . . . . 21339]4833 97.8239 208.5 0.236 451 5*
ADS 15281 . . . . . . . . . Bu 989 AB 206901 107354 21446]2539 97.8263 119.9 0.252 451 5b
ADS 16173 . . . . . . . . . Ho 296 AB 214850 111974 22409]1433 97.8237 40.7 0.416 501 8c
ADS 16345 . . . . . . . . . Bu 382 AB 216608 113048 22537]4445 97.8264 222.7 0.933 501 8
ADS 16591 . . . . . . . . . A 2298 219018 114576 23126]0241 97.8237 298.8 0.204 501 8a
BD ]15 4809 . . . . . . Hei 88 220077 115279 23209]1643 97.8265 260.7 0.161 451 5
BD ]40 5078 . . . . . . Cou 1845 220834 115723 23267]4103 97.8239 355.4 0.815 451 5a
ADS 16819 . . . . . . . . . Hu 298 221445 116164 23322]0705 97.8238 322.9 0.203 501 8a
97.8265 324.7 0.197 451 5
ADS 17149 . . . . . . . . . StF 3050 AB 224635 118281 23595]3343 97.6191 326.2 1.989 501 8d
NOTES.ÈSee notes to Table 2.
excessively large values of the reduced chi-squared are
removed from consideration ; observations with seeing of
larger than 2A are also removed. We require that at least
three fringes be detected in the power spectrum of the
binary. Finally, all Ðts and power spectrum residual maps
are visually inspected to make sure that the Ðt fringe ampli-
tude, separation and position angle are a good match to the
data power spectrum.
4. RESULTS
Tables 2, 3, and 4 comprise the main body of measures
presented here. The format for these three tables is the same.
TABLE 5
JOURNAL OF NEGATIVE RESULTS FOR 110 HER AND s1 ORI
Date j *j
HR, ADS or BD Name HD HIP a, d (2000) (1900]) Detector MagniÐcation (nm) (nm)
HR 2047 . . . . . . . . . s1 Ori 39587 27913 05544]2017 97.8246 MAMA 2.5] 501 8
HR 7061 . . . . . . . . . 110 Her 173667 92043 18457]2033 97.5176 CCD low 701 12
97.5204 MAMA low 501 8
97.8262 MAMA 2.5] 451 5
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TABLE 6
POSITION ANGLE AND SEPARATION CHANGES SINCE THE Hipparcos OBSERVATION EPOCH FOR Hipparcos DISCOVERY OBJECTS
Parallax HIP h HIP o *h *o
WDS a, d (2000) Discoverer Designation HIP Total V Magnitude (mas) (deg) (arcsec) Measure in Table (deg) (arcsec)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
00085]3456 . . . . . . HDS 17 689 7.41 12.72 358 0.101 4 [94 ]0.020
01108]6747 . . . . . . HDS 155 5531 6.55 17.41 165 0.136 2 [2 [0.014
01129]5136 . . . . . . HDS 160 5674 7.30 12.94 348 0.212 2 ]49 ]0.008
02262]3428 . . . . . . HDS 318 11352 8.00 23.19 177 0.133 4 ]10 [0.011
03035]2304 . . . . . . HDS 389 14230 7.09 29.62 15 0.165 4 [2 ]0.001





03547[0755 . . . . . . HDS 492 18293 8.40 15.02 177 0.847 2 [5 [0.016
04070[1000 . . . . . . HDS 521 19206 6.88 24.00 287 0.178 2 [62 [0.062
04268]5814 . . . . . . HDS 571 20754 8.13 10.03 49 0.182 2 [10 [0.015
04389[1207 . . . . . . HDS 599 21644 4.99 14.34 310 0.243 4 ]10 0.000
05060]3556 . . . . . . HDS 664 23724 6.49 12.14 320 0.293 4 ]28 0.000
05081]2416 . . . . . . HDS 674 Aa 23900 5.50 1.01 207 0.368 4 0 ]0.028
07167]1609 . . . . . . HDS 1007 35219 6.75 19.24 169 0.138 4 [26 [0.040
08380[0844 . . . . . . HDS 1242 42345 8.01 19.58 258 0.277 2 ]31 ]0.036
22029]1547 . . . . . . HDS 3129 108842 7.26 10.14 139 0.113 2 [20 [0.011
23084[2849 . . . . . . HDS 3295 114254 5.60 11.42 293 0.160 2 ]30 ]0.076
The columns give (1) the Aitken Double Star (ADS) Catalog
number, or if none the Bright Star Catalog (HR) number, or
if none the Bonner Durchmusterung (BD) number ; (2) the
discoverer designation ; (3) the HD number ; (4) the Hip-
parcos Catalog number ; (5) the right ascension and decli-
nation in 2000 coordinates, which is the same as the
identiÐcation number in the Washington Double Star
(WDS) Catalog (Worley & Douglass 1997) for all objects
that have WDS entries ; (6) the observation date in fraction
of the Besselian year ; (7) the observed position angle (h), in
degrees, with north through east deÐning the positive sense
of h ; (8) the observed separation (o) in arcseconds ; (9) the
center wavelength of the Ðlter used to make the observation,
in nanometers ; and (10) the full width at half-maximum of
the Ðlter pass band, also in nanometers. Table 2 gives all
results derived from CCD data, Table 3 gives the low-
magniÐcation MAMA measures, and Table 4 gives the
2.5] magniÐcation MAMA results. The position angles in
Tables 2È4 have not been corrected for precession and are
appropriate for the epoch of observation shown. It should
also be noted that the low-magniÐcation MAMA results
were generally taken under poorer seeing conditions, and
therefore are of lower quality than the other two sets of
results. This is discussed further in the next section. Position
angles and separations are shown without uncertainty esti-
mates, but it is possible to arrive at a reasonable uncertainty
estimate for any measure shown by combining the measure-
ment precision given in the next section with the uncer-
tainty in the scale and detector orientation given in ° 3.1
using standard error formulas.
Three components listed in the tables have not been pre-
viously detected and are denoted as YR 1È3 (i.e., Yale-
Rochester Institute of Technology 1È3). A third component
in the system StF 2605 AB (WDS 19556]5226) was
detected in a low-magniÐcation MAMA observation and
given in Table 3 as YR 2Aa, and in Table 4, both BD
[17 61 (noted as YR 1 Aa) and BD]47 3472 (noted as YR
3) appear to be new discoveries. BD[17 61 is listed in the
WDS (HJ 1968 AB\ WDS 00277[1625), but the com-
ponent here is extremely unlikely to be the same due to the
large di†erence in separation. The Hipparcos Catalog lists
this object as ““ suspected double.ÏÏ BD ]47 3472 is thought
to be a member of the open cluster M39 (with membership
probability 89% according to Platais 1994). Two other
binaries in M39 were observed : (1) BD ]47 3446 (Cou
2441 \ WDS 21314]4821), which was discovered in 1986
and is also noted double in the Hipparcos Catalog, and (2)
A771\ WDS 21315]4817, where the astrometry was too
poor to include in our body of results.
In addition to these results, we studied two systems in
some detail, but found no evidence for duplicity. The Ðrst of
these is HR 7061 (\110 Her). This star was studied because
spectroscopic observations to determine lithium and beryl-
lium abundances showed small irregularities that could be
interpreted as evidence for binarity (Deliyannis & Pinson-
neault 1997). We Ðnd no evidence of binarity to the limit of
our detection capabilities with both the CCD and MAMA
systems. The second system is s1 Orionis. This spectro-
scopic binary has a published orbit (Irwin, Yang, & Walker
1992) that predicts a separation of approximately in0A.5
1997, though the magnitude di†erence of the system is
thought to be larger than 4.4. We were unable to detect the
secondary with the MAMA detector, though we have not
yet attempted such an observation with the CCD, where the
wavelength of observation would be signiÐcantly redder
and the magnitude di†erence would presumably be smaller.
Table 5 shows a summary of our negative detections for 110
Her and s1 Orionis.
Although most of the objects presented in Tables 2È4 are
well-known binaries, there are a total of 20 measures of 16
Hipparcos discoveries. Table 6 shows the di†erence in posi-
tion angle and separation since the Hipparcos observation
as given in the Hipparcos Catalog. Column headings in
Table 6 are as follows : (1) the right ascension and decli-
nation in 2000 coordinates (i.e., the WDS number) ; (2) the
discoverer designation (HDS numbers in all cases, since
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these are Hipparcos discovery objects) ; (3) the Hipparcos
Catalog number ; (4) the total Johnson V magnitude of the
system; (5) the trigonometric parallax as determined by
Hipparcos ; (6) position angle (h) in degrees (north through
east deÐning the positive sense of h) and (7) separation (o) in
arcseconds as they appear in the Hipparcos Catalog ; (8) the
table number in which the speckle measure presented here
appears ; and the (9) di†erence in position angle (*h) in
degrees and (10) separation (*o) in arcseconds obtained by
subtracting the Hipparcos values from those presented in
Tables 2È4. Since all of the measures in this paper were
obtained in 1997 and the Hipparcos mean observation
epoch is approximately 1991.25, the changes noted are for a
D6 year interval. In several cases, the change in position
angle and/or separation from the discovery observation is
substantial.
5. MEASUREMENT CAPABILITIES
From the measures presented in Tables 2È4, we have
completed a measurement precision study for each of the
three observing conÐgurations. High astrometric precision
is extremely important for determining whether the Hip-
parcos discovery objects exhibit orbital motion. In order to
determine our measurement precision, objects from the
three tables that already have very high quality orbit deter-
minations have been selected. By studying the observed
minus ephemeris residuals in position angle and separation,
a picture of how well we can measure these quantities can
be determined.
The collection of orbits used for this study was drawn
from Hartkopf, McAlister, & Franz (1989), Hartkopf,
Mason, & McAlister (1996), and other papers from that
same series (McAlister et al. 1988 ; Bagnuolo & Hartkopf
1989 ; Mason 1997). Two up-to-date orbits used (for Bu 101
and Bu 151) were provided by W. I. Hartkopf (1997, 1998,
private communications). These orbits have all been deter-
mined with the inclusion of highly weighted speckle data
and are published with formal errors for each of the orbital
parameters. Using these errors, it is possible to derive pro-
jected ephemeris uncertainties in position angle and separa-
tion for a given observation epoch. These quantities will be
denoted by and respectively.doeph dheph,Figures 2a, 2b, and 2c show the separation residuals for
all objects from Tables 2, 3, and 4, respectively, that have
orbits as just described and furthermore have projected
ephemeris uncertainties in separation of less than 4 milli-
arcseconds (mas). Similarly, Figures 3a, 3b, and 3c show the
position angle residuals for orbits where the projected
FIG. 2a FIG. 2b
FIG. 2c
FIG. 2.ÈSeparation (o) residuals for objects that have speckle orbits appearing in (a) Table 2 (CCD data), (b) Table 3 (MAMA low-magniÐcation data),
and (c) Table 4 (MAMA 2.5] data). The error bars represent the projected ephemeris uncertainties as calculated from the published formal errors in thedoephorbital parameters. The grey area marks the region below the di†raction limit of the telescope. Orbits with mas are plotted.doeph \ 4
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FIG. 1a FIG. 3b
FIG. 3c
FIG. 3.ÈPosition angle (h) residuals for objects that have speckle orbits appearing in (a) Table 2 (CCD data), (b) Table 3 (MAMA low-magniÐcation data),
and (c) Table 4 (MAMA 2.5] data). The error bars represent the projected ephemeris uncertainties as calculated from the published formal errors in thedhephorbital parameters. The grey area marks the region below the di†raction limit of the telescope. Orbits with are plotted.dheph \ 2¡
ephemeris uncertainty in h from the orbit was calculated to
be less than 2¡. Tabular results for average residual and rms
deviation of the residuals are given in Table 7. These results
show that for the MAMA 2.5] data and the CCD data, the
rms deviation in the position angle residuals is about 1¡.2,
while for the separation residuals, the rms deviation is
between 2.3 and 3.5 mas. The low-magniÐcation MAMA
data are of considerably poorer quality, showing rms devi-
ation in separation of 8.5 mas and in position angle.1¡.8
There is a signiÐcant improvement in residuals for all three
detector conÐgurations if the orbital position angle and
separation uncertainties are required to be below 1¡ and 2.5
TABLE 7
SUMMARY OF RESIDUALS, SPECKLE ORBITS
Orbit Detector, Average Residual rms Deviation from
Requirement MagniÐcation (obs [ eph) Average Residual
dheph \ 2¡.0 . . . . . . . . . . . CCD, low *h \ ]0¡.02^ 0¡.26 ph\ 1¡.22 ^ 0¡.18
MAMA, low *h \ [0¡.40^ 0¡.40 ph\ 1¡.83 ^ 0¡.28
MAMA, 2.5] *h \ [0¡.06^ 0¡.37 ph\ 1¡.17 ^ 0¡.25doeph \ 4.0 mas . . . . . . CCD, low *o \ [1.35^ 0.72 mas po \ 3.47^ 0.50 mas
MAMA, low *o \ ]5.74^ 2.36 mas po \ 8.52^ 1.61 mas
MAMA, 2.5] *o \ [1.11^ 0.67 mas po \ 2.31^ 0.45 masdheph \ 1¡.0 . . . . . . . . . . . CCD, low *h \ [0¡.16^ 0¡.20 ph\ 0¡.66 ^ 0¡.13
MAMA, low *h \ [0¡.65^ 0¡.47 ph\ 1¡.62 ^ 0¡.32
MAMA, 2.5] *h \ [0¡.08^ 0¡.57 ph\ 1¡.14 ^ 0¡.36doeph \ 2.5 mas . . . . . . CCD, low *o \ [1.07^ 0.64 mas po \ 2.21^ 0.43 mas
MAMA, low *o \ ]9.07^ 2.37 mas po \ 5.81^ 1.55 mas
MAMA, 2.5] *o \ [1.19^ 0.79 mas po \ 2.09^ 0.52 mas
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FIG. 4a FIG. 4b
FIG. 4c FIG. 4d
FIG. 4.ÈSpeckle orbital data and published orbits for four objects with separations in the range to Filled circles are previous speckle measures,0A.8 2A.0.
drawn from the CHARA T hird Catalog of Interferometric Measurements of Binary Stars (Hartkopf, McAlister & Mason 1997), open circles are MAMA 2.5]
and CCD measures appearing in Tables 2 and 4, open diamonds are MAMA low magniÐcation measures appearing in Table 3. The plus symbol marks the
origin. Line segments connect each observation to the ephemeris position on the orbit. (a) StF 3062 AB \ WDS 00062]5826. The orbit plotted is that of
Baize (1957) and is listed as Grade 1 in the orbit catalog of Worley & Heintz (1983). (b) Bu 382 AB \ WDS 22537]4445. The orbit plotted is that ofMu ller
(1954) and listed as Grade 2 in the orbit catalog of Worley & Heintz. (c) Bu 513 AB \ WDS 02019]7054. The orbit plotted is that of Heintz (1969) and listed
as Grade 1 in the orbit catalog of Worley & Heintz. (d) StF 2052 AB \ WDS 16289]1825. The orbit plotted is that of Siegrist (1952) and listed as Grade 2 in
the orbit catalog of Worley & Heintz.
mas respectively (i.e., only the highest quality orbits are
considered). The values shown in Table 7 may be compared
to those obtained by the CHARA group during their long
speckle program at the Kitt Peak 4 m telescope during the
1980s and early 1990s, which are given in Hartkopf et al.
(1989) as 3.5 mas for the rms deviation of residuals in
separation and in position angle in a similar study of1¡.0
their measures. The data presented here for 2.5] MAMA
and CCD conÐgurations compare quite favorably with
those values.
All objects in the measurement precision study had mea-
sured separations of less than In order to make certain0A.5.
that our data contain no noticeable systematic errors at
larger separations, we have compared our results on objects
with separations between and to the body of obser-0A.8 2A.0
vational data that currently exists for these objects. While
these objects usually do not have the same high precision
orbits as for the objects discussed above, it is still possible to
look for a discrepancy in the position angle and separation
values presented here compared to other observers. Four
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FIG. 5a FIG. 5b
FIG. 5c
FIG. 5.ÈMagnitude di†erence vs. total magnitude plots for all (a) CCD, (b) MAMA low-magniÐcation, and (c) MAMA 2.5] observations taken at
WIYN during 1997. Filled circles are successful observations that appear in Tables 2È4, open circles are observations where the secondary was detected but
the reduction failed one or more of the criteria discussed in ° 3.2 for reliable astrometry, and crosses are observations where the secondary was not clearly
detected. Measures of total magnitude and magnitude di†erence are taken from the objectÏs entry in the WDS Catalog, or if none exists, the Hipparcos
Catalog values are used.
examples of this kind of study are shown in Figure 4. In all
cases, the data presented here appear to be in good agree-
ment with previous speckle observations by other groups.
Another issue of importance is detectability of compan-
ions. Figure 5 shows plots of both successful and failed
measures of systems observed at WIYN during 1997 in the
three observing conÐgurations. The MAMA 2.5] and
CCD conÐgurations appear to have some similar character-
istics, with good astrometric solutions being obtained for
objects at least to magnitude 8.5 and for magnitude di†er-
ences up to at least 3.2. The CCD is apparently able to
detect and measure fainter companions, however. The low-
magniÐcation MAMA data show a detection limit that is
0.5È1.0 brighter than the other two conÐgurations, and an
inability to detect the larger magnitude di†erence objects.
This is expected due to the generally poorer seeing that
forces the use of this observing conÐguration.
Figure 6 shows reconstructed images of two high magni-
tude di†erence objects detected and measured by the CCD.
The second of these plots, Bu 730, is the largest magnitude
di†erence for which good relative astrometry has been
derived at WIYN up to the present time. The WDS Catalog
lists the magnitude di†erence as 5.3 mag.
6. CONCLUSIONS
A program of speckle observations has been started at
the WIYN 3.5 m telescope, with the goal of obtaining
orbital data of the some 6000 new or newly suspected
double stars in the Hipparcos Catalog. This study has
focused mainly on well-known binaries in order to deter-
mine the astrometric precision of data obtained at WIYN.
Two hundred seventy-seven position angle and separation
measures have been presented, a subset of which has been
used to determine measurement precision. In the two
primary observing modes, namely the CCD with the low
magniÐcation lens and the MAMA with the 2.5] lens,
measurement precision is better than 3.5 mas in separation
when our measures are compared with extremely high-
quality orbit ephemeris predictions and or better in1¡.2
position angle.
It is a pleasure to thank David Sawyer at Kitt Peak for
logistics help in using the telescope, Pat Patterson for help
navigating the MAMA detector through US Customs in
Tucson, and David Vaughnn for providing WIYN data
necessary for our slit mask calibrations. We also thank
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FIG. 6a FIG. 6b
FIG. 6.ÈReconstructed images of two high magnitude di†erence systems successfully reduced from CCD data. Contours are drawn at [[0.02, [0.01,
0.01, 0.02, 0.04, 0.06, 0.08, 0.10, 0.20, 0.30, 0.40, and 0.50] of the maximum value of the array (the brightest pixel in the primary star), with negative contours
drawn as dotted lines. (a) HIP 15737 \ HDS 423 (a binary discovered by the Hipparcos satellite), *m\ 3.2. (b) Bu 730 \ WDS 3587[0333, *m\ 5.3. Extra
contours at 0.005 and 0.008 of the maximum have been added for this image since the secondary star is very faint. In both cases, the secondary is to the right
and above the primary. These images are the two-subplane images used to determine the quadrant of the secondary (as discussed in ° 3.2) and are not
““ optimized ÏÏ for presentation here.
Wendy Hughes, Craig Mackey, Gillian Rosenstein, and
Bob Bode at Kitt Peak for their assistance in making these
observations a success, and Brian Mason, for thoroughly
reviewing the manuscript for errors. E. H. is grateful to
William Hartkopf for providing up-to-date orbits for Bu
101 and Bu 151, to Constantine Deliyannis for helpful dis-
cussions regarding HR 7061, and to Imants Platais, for
guidance on the M39 cluster binaries. This work was
funded through NSF support of Yale astrometry projects,
NSF/IUCRC and NYCAT support of the sensor research
e†ort at RIT, and a grant from the Fund for Astrophysical
Research.
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